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The	  DarkSide	  Program	  
DarkSide	  is	  a	  graded	  experimental	  project	  based	  on	  depleted	  argon	  

	  
•  Direct	  detec.on	  search	  for	  WIMP	  dark	  ma:er	  

•  Based	  on	  a	  dual-‐phase	  Liquid	  Argon	  Time	  Projec.on	  Chamber	  (LArTPC)	  

	  

•  Ultra	  low	  background	  design	  
  	   Deep	  underground	  at	  LNGS	  

  	   Low-‐background	  materials,	  including	  Ar	  target	  

  	   In	  situ	  background	  measurement	  

	  

•  Powerful	  background	  rejec.on	  
  	   Pulse	  Shape	  Discrimina.on	  (PSD)	  

  	   Ioniza.on/Scin.lla.on	  ra.o	  (S2/S1)	  

  	   Surface	  rejec.on	  using	  3D	  posi.on	  reconstruc.on	  

  	   Ac.ve	  neutron	  and	  muon	  vetoes	  

	  



Liquid	  Argon	  as	  DM	  detec>on	  medium	  

  Main	  drawback:	  39Ar	  (1	  Bq/kg)	  

•  Rather	  high	  density	  
•  High	  insula.ng	  power	  

•  High	  electron	  mobility	  

•  High	  electron-‐ion	  yield	  

•  High	  scin.lla.on	  photons	  yield	  (40000	  photons/keV	  )	  

•  Easy	  to	  purify	  from	  electro-‐nega.ve	  contaminants	  

•  Abundantly	  available	  at	  reasonably	  low	  cost	  

•  Excep.onal	  discrimima.on	  power	  (PSD	  and	  S2/S1	  ra.o)	  

•  Scalable	  technology	  →	  very	  large	  target	  mass	  	  

	  



DS	  >meline:	  mul>-‐stage	  approach	  	  



DarkSide-‐50	  detector:	  TPC	  

•  46	  kg	  ac.ve	  volume	  
•  36	  cm	  diameter,	  36	  cm	  height	  

•  38	  R11065	  3”	  PMTs	  
•  38	  cold	  preamplifiers	  on	  PMTs	  

•  High	  reflec.vity	  PTFE	  walls	  

•  Fused	  silica	  anode	  and	  cathode	  	  
windows	  coated	  with	  ITO	  

•  All	  inner	  surfaces	  coated	  with	  TPB	  
•  2	  cm	  gas	  pocket	  

•  0.2	  kV/cm	  drie	  &	  2.8	  kV/cm	  extrac.on	  
electric	  fields	  

•  Electron	  drie	  life.me	  >	  5	  ms	  (max.	  drie	  
.me	  of	  ~	  375	  μs)	  	  

•  Electron	  drie	  speed	  =	  0.93	  ±	  0.01	  mm/μs	  	  



DarkSide-‐50	  detector:	  Vetoes	  
•  Liquid	  Scin>llator	  Veto	  

•  4	  m	  diameter	  sphere	  
•  Boron-‐loaded:	  PC	  +	  TMB	  
•  110	  8”	  PMTs	  
•  Ac.ve	  neutron	  veto	  

  tag	  neutrons	  in	  TPC	  
  in	  situ	  measurement	  of	  neutron	  BG	  

•  Neutron	  and	  gamma	  shielding	  

•  Water	  Tank	  

•  11	  m	  diameter	  x	  10	  m	  high	  
•  Exis.ng	  Borexino	  CTF	  tank	  
•  80	  PMTs	  
•  Ac.ve	  muon	  veto	  

  tag	  cosmogenic	  neutrons	  
•  Neutron	  and	  gamma	  shielding	  



DarkSide-‐50	  TPC	  working	  principles:	  
primary	  scin.lla.on	  light	  



DarkSide-‐50	  TPC	  working	  principles:	  
secondary	  electroluminescence	  light	  



Pulse	  shape	  discrimina>on	  in	  LAr	  
Electron	   and	   nuclear	   recoils	   produce	   different	   excita.on/ioniza.on	   densi.es	   in	   the	   argon,	  
leading	  to	  different	  ra.os	  of	  singlet	  and	  triplet	  Ar2*	  dimer	  states:	  	  
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The ratio AS/AT depends on 
the ionizing particle 

•  AS/AT=1/3	  for	  electron	  recoils	  
	  (β	  and	  γ	  interac.ons)	  

•  AS/AT=3/1	  for	  nuclear	  recoils	  

	  (n	  and	  WIMP	  interac.ons)	  



DarkSide-‐50:	  Backgrounds	  



DS-‐50	  TPC	  Calibra>ons:	  LY	  &	  Neutrons	  

•  CALIS	  deployed	  Sept	  2014	  
•  Calibra.on	  campaigns	  

Oct	  -‐	  Dec	  2014	  &	  Jan	  -‐	  Feb	  2015	  

•  Validate	  NR	  band	  extrapolated	  from	  
SCENE	  for	  first	  paper	  

•  Tuned	  MC	  

•  TPC	  filled	  with	  atmospheric	  argon	  (1	  Bq/kg)	  
•  83mKr	  gas	  deployed	  into	  detector	  (41.5	  keVee)	  	  

•  Light	  yield	  at	  zero	  field:	  (7.9	  ±	  0.4)	  phel/keV	  
•  Light	  yield	  at	  200	  V/cm:	  (7.0	  ±	  0.3)	  phel/keV	  
•  Exceeding	  design	  requirements	  of	  6.0	  phel/keV	  	  
	  



DS-‐50:	  First	  Physics	  Result	  
Background	  free	  exposure	  of	  1422	  ±	  67	  kg×day	  	  

Selected	  only	  single-‐hit	  interac.ons	  in	  the	  TPC	  fiducial	  volume	  (36.9	  kg)	  with	  no	  energy	  deposi.on	  in	  the	  veto	  	  

Phys.	  Lei.	  B	  743	  (2015)	  456	  	   Corresponds	  to	  ≥20	  yr	  exposure	  of	  DS-‐50	  with	  UAr	  

Rejec>on	  factor	  >	  1:107	  	  
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DS-‐50:	  Exclusion	  Plot	  
•  The	  most	  sensi.ve	  dark	  ma:er	  search	  performed	  with	  an	  argon	  target	  
•  Third	  best	  WIMP	  dark	  ma:er	  limit	  at	  high	  masses	  	  	  
•  The	  WIMP-‐nucleon	  spin-‐independent	  cross	  sec.on	  is	  6.1×10−44	  cm2	  for	  a	  MW=100	  GeV/c2	  	  
	  



DS-‐50:	  Underground	  Argon	  

1
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•  Atmospheric	  argon:	  
•  high	  concentra.on	  of	  39Ar	  	  
•  β-‐decay	  (269	  yr	  half	  life)	  
•  cosmogenically	  ac.vated	  
•  565	  keV	  endpoint	  

•  Underground	  argon:	  
•  significantly	  reduced	  39Ar	  ac.vity	  
•  allows	  to	  scale	  to	  large	  detectors	  

Underground	  Argon	  produc>on:	  	  
	  
•  Extracted	  in	  New	  Mexico	  
•  Dis.lled	  in	  FNAL	  
•  Shipped	  to	  LNGS	  	  

UAr	  data	  taking:	  	  
	  
•  Started	  on	  April	  2015	  	  
•  1.4	  ton×day	  already	  achieved	  
•  New	  calibra.ons	  



DS-‐50:	  First	  UAr	  Background	  Result	  	  
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•  Concentra.on	  of	  39Ar	  in	  UAr	  is	  at	  least	  300	  .mes	  lower	  than	  in	  AAr	  	  

•  Low	  level	  of	  39Ar	  allows	  extension	  of	  DarkSide	  program	  to	  ton-‐scale	  detector	  	  



DarkSide	  Project:	  Future	  Plans	  
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DS-‐20k	  	  
	  

30	  tons	  (20	  tons	  fiducial)	  detector	  	  

ARGO	  	  
	  

300	  tons	  (200	  tons	  fiducial)	  detector	  	  
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DarkSide	  Project:	  DS-‐20k	  
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Main	  features:	  
	  
•  Based	  on	  SiPM’s	   (from	  15	   to	  50%	  LY	   increase	  

per	  unit	  area	  over	  PMT’s)	  
•  30	  tons	  (20	  tons	  fiducial)	  detector	  
•  MC	  indicates	  UAr	  self-‐vetoing	  sufficient	  
	  	  	  	  	  	  	  (LS	  veto	  not	  required)	  
•  Low-‐background	  .tanium	  cryostat	  

DS	  Depleted	  Argon	  Sources:	  
	  
Urania	  project:	  	  
•  expansion	  of	  Colorado	  UAr	  extrac.on	  facility	  to	  reach	  up	  to	  

~100	  kg/day	  	  

Aria	  project:	  	  
•  Big	  cryogenic	  dis.lla.on	  column	  in	  Seruci,	  Sardinia	  	  

•  Gas	   purifica.on	   &	   ac.ve	   isotopic	   deple.on	   exploi.ng	   finite	  
vapor	  pressure	  difference	  39Ar/40Ar	  



DarkSide	  Project:	  ARGO	  
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•  Background-‐free	  exposure	  of	  1000	  tons×yr	  

•  Sensi.vity	  9×10-‐49	  cm2	  @1	  TeV/cm2	  
	  -‐	  Covers	  space	  throughout	  neutrino	  floor	  

•  Permits	  precision	  measurements	  of	  solar	  neutrinos	  
	  -‐	  TPC	  affords	  very	  sharp	  defini.on	  of	  fiducial	  volume	  
	  -‐	  Argon	  ten	  .mes	  brighter	  than	  organic	  liquid	  scin.llator	  
	  -‐	  Sta.s.cal	  precision	  2%	  for	  7Be,	  10%	  for	  pep,	  and	  15%	  for	  CNO	  neutrinos	  
	  -‐	  Systema.cs	  under	  study	  
	  -‐	  Cosmogenics	  under	  control	  

•  300	  tons	  detector	  
	  -‐	  Requires	  Borexino-‐style	  shield	  for	  solar	  neutrinos	  study	  



DarkSide	  Project:	  Physics	  Goals	  
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Experiment!
σ [cm2]!
@1 TeV/c2!

σ [cm2]!
@10 TeV/c2!

LUX !
[10k kg×day Xe]! 1.1×10-44! 1.2×10-43!

XENON !
[7.6k kg×day Xe]! 1.9×10-44! 1.9×10-43!

DS-50!
[1.4k kg×day Ar]! 2.3×10-43! 2.1×10-42!

ArDM!
[1.5 tonne×yr Ar]! 8×10-45! 7×10-44!

DEAP-3600!
[3.0 tonne×yr Ar]! 5×10-46! 5×10-45!

XENON-1ton [2]!
[2.7 tonne×yr Xe]! 3×10-46! 3×10-45!

LZ [1]!
[15 tonne×yr Xe]! 5×10-47! 5×10-46!

DS-20k!
[100 tonne×yr]! 9×10-48! 9×10-47!

1 Neutrino Event!
[400 tonne×yr Ar or 300 tonne×yr Xe]! 2×10-48! 2×10-47!

ARGO!
[1,000 tonne×yr]! 9×10-49! 9×10-48!



DarkSide	  Project:	  Physics	  Goals	  
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Conclusions	  
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 DS-‐50	  is	  running	  with	  UAr	  at	  LNGS	  since	  Apr	  2015	  and	  first	  UAr	  physics	  results	  coming	  soon	  

 First	  results	  published	  with	  atmospheric	  argon	  in	  DS-‐50:	  	  
	  	  	  	  	  	  39Ar	  BG	  from	  47.1	  live	  days	  (1422	  kg×day	  fiducial)	  of	  AAr	  corresponds	  to	  that	  expected	  in	  38.7	  
	  	  	  	  	  	  years	  of	  UAr	  DS-‐50	  run	  (planning	  physics	  run	  .me,	  3	  years)	  
	  	  
 Concentra.on	  of	  39Ar	  in	  UAr	  is	  at	  least	  300	  .mes	  lower	  than	  in	  AAr	  
	  	  
 Ar	  technology	  shows	  good	  performances	  for	  dark	  ma:er	  search,	  especially	  thanks	  to	  the	  high	  

rejec.on	  power	  

 DarkSide-‐50	  AAr	  &	  UAr	  are	  demonstra.ng	  the	  feasibility	  of	  the	  dark	  ma:er	  detec.on	  based	  
on	  LAr	  	  

 LAr	   detectors	   can	   be	   scaled	   to	   mul.-‐ton	   and	   are	   the	   most	   powerful	   background-‐free	  
technique	  for	  the	  ul.mated	  experiment	  in	  dark	  ma:er	  search	  (neutrino	  floor)	  

	  	  
 DS-‐20k	  development	  underway	  

 Future	  plans	  from	  DS-‐20k	  to	  ARGO	  (April	  27	  LOI	  to	  LNGS)	  	  



Extra	  Slides	  



DS-‐50	  TPC	  Calibra>on:	  SCENE	  
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SCENE
Scin.lla.on	  Efficiency	  of	  Nuclear	  Recoils	  in	  Noble	  Elements	  

•  LAr	  TPC	  exposed	  to	  bunched	  low	  energy	  neutron	  beam	  
•  Extremely	  pure	  sample	  of	  single	  nuclear	  recoils	  
•  Extrapolate	  NR	  energy	  scale	  and	  F90	  response	  from	  SCENE	  to	  DS50	  
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•  High	  neutron	  capture	  cross	  sec.on	  on	  boron	  allows	  for	  compact	  veto	  size	  	  
•  Capture	  results	  in	  1.47	  MeV	  α-‐par.cle	  -‐	  detected	  with	  high	  efficiency	  	  
•  Short	  capture	  .me	  (2.3	  μs)	  reduces	  dead	  .me	  loss	  	  
•  LY	  of	  about	  0.5	  phel/keVee	  	  

Veto	  Efficiency	  (MC)	  	  

Radiogenic	  Neutrons	  	   >	  99%	  (Based	  on	  60	  μs	  veto	  window)	  	  

Cosmogenic	  Neutrons	  	   >	  95%	  	  

NIM	  A	  644,	  18	  (2011)	  	  

Liquid	  Scin>llator	  Veto	  recons>tu>on	  
	  
•  Removing	   high-‐14C	   TMB	   (June,	   2014)	  

Re-‐dis.ll	   PC,	   restore	   PPO	   (Dec	   2014,	  
Feb	  2015)	  	  

•  A d d	   r a d i o p u r e	   T M B	   a t	   5 %	  
concentra.on	  (Jan	  2015)	  	  

•  14C	  ac.vity	  decreased	  from	  150	  kBq	  to	  
0.3	  kBq	  

	  


